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Abstract
The gluonic pole has been instrumental in explaining the mass of the η0 and
providing a plausible explanation for solving the spin crisis. We show that it also
plays an important role in the description of the photoproduction of vector mesons
at high momentum transfers at JLab energies.
Recently the CLAS Collaboration at JLab has published new data on - and -meson
photoproduction at large momentum transfers [1, 2]. The main goal of these data is to
help understand the OZI rule violation mechanism in strong interactions. The gluonic
pole was introduced in [3] to describe features of OZI violation in the pseudoscalar meson
nonet and to explain the large mass of 0-meson. Recently it has been shown that this
pole provides also a natural explanation of proton spin problem [4].
In here we consider the gluonic pole contribution to vector meson photoproduction o
the nucleon.
















has a massless pole
i
∫
d4xeikx < 0jTK(x)K(0)j0 >k!0 ! g
k2
4 (2)
which is related to the topological susceptibility of the QCD vacuum
(0) = −4 = i
∫
d4x < 0jTQ(x)Q(0)j0 >; (3)
and which has been called the gluonic ghost pole.
The diagonalization of the propagator matrix for the ghost operator Q and quark
nonet states 0; 8 and 0 leads to the following propagator
< GG >= −A (4)
which we called G− pole. In (4) the value A is related to the topological susceptibility of
QCD vacuum






 − 2m2K)  (180MeV )4: (5)
We should stress that the G- propagator (4) does not depend on the momentum
transfer k2, therefore the eective interaction induced by the ghost exchange is point-like.
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Below we show that this property is responsible for the large G- pole contribution to
vector meson photoproduction at large momentum transfers.
The contribution of the G-pole to the physical amplitudes leads to modications to
the predictions by the OZI rule. An example where this mechanism is at work, of interest
here, is the generalized U(1) Golberger-Treiman relation for the isosinglet axial-vector
nucleon form factor at zero momentum transfer [4]
2MNG
0
A = Fg0NN + 2NfAgGNN = F0g0NN ; (6)
where F 
√
2Nff, f = 93 MeV and gGNN is G-nucleon coupling constant. The




 −89:35GeV −3: (7)
The G-pole contribution to the 0() ! γγ decay has been discussed in [5] where a
modied formula for the eective coupling of the 0 meson with photons has been obtained,




Let us consider the G-pole contribution to the 0γV coupling, where V is 0 or  meson.
The interaction of the vector mesons with the quarks is assumed to be photon-like
Lqq = C(uγu− dγd); Lss = Csγs: (9)
Due to this vector meson-photon analogy the generalization of (8) to the case of 0 ! γV
amplitude is straightforward





where k = −1 and k = 3. The values of g0γ and g0γ can be extracted from experi-
mental widths Γ!0γ and Γ0!γ.
The vector meson couplings with quarks are not well known. In order to estimate





where g!NN = 10:35 is taken from [6] and for the -meson coupling we use the NJL model
prediction [7]
C = −5:33: (12)
Our nal estimate for the G-vector meson couplings is jgGγj = 11:02 GeV−4 and jgGγj =
1:91 GeV−4.
It is very well known that at large energy and small momentum transfer the main
contribution to the photoproduction of the vector mesons comes from the pomeron ex-
change. We use the Donnachie-Landsho (DL) model [8] to describe the soft pomeron





















Figure 1: The contributions of the pomeron (dashed line) and G- exchange (dot line) to the a)
ρ-meson production at Eγ = 3.82GeV , and b) φ-meson photoproduction at Eγ = 3.6GeV . The




(4M2N − t)(1− t=0:7)2
(14)
is the electromagnetic nucleon form factor, the pomeron-quark couplings 0 = 2 GeV
−1,
s = 1:27 GeV
−1 are obtained from a t to the total pp and Kp cross sections [9],
20 = 1:1GeV
2, S0 = 1=
0
P and the pomeron trajectory is P (t) = P (0) + 
0
P t, with
P (0) = 1:08 and 
0
P = 0:25 GeV
−1. The contribution of the DL pomeron to the cross
section for the - and -meson photoproduction for CLAS kinematics is presented in Fig.1
by dashed lines. For small −t  1 GeV2 the pomeron contribution describes the data
rather well, but for large −t  1 GeV2, the deviation from the experiment is large.
Our approach to the large −t behavior of the cross section arises from the observation
that the G- exchange mechanism softens the decrease of the cross section as described
by the pomeron. The reason is very simple, the G- propagator (4) does not have any t
dependence. Therefore the G- pole exchange produces a flattening at large −t of the cross
section.
The absolute value of the G- contribution strongly depends on its couplings with










where F1(t) = 1=(1 − t=M2f1)2 is the flavor singlet axial form factor of the nucleon with
value of Mf1 equals to the mass of the flavor singlet f1(1285)-meson.
It should be noted that the G- exchange induces a nucleon spin-flip, which produces a
factor t in (15), and leads to an additional enhancement of the G-pole contribution at large
−t, as compared with the pomeron contribution, which is nonspin-flip (13). Moreover the
energy dependence of the G contribution corresponds to a x pole with zero Regge slope.
Therefore the large t Regge suppression to vector meson production given by (S=M2N )
20Rt
3
with the slope 0R  0:9 GeV−2 for the usual Regge trajectories, e.g. 0 and , is absent
for the G-exchange.
The result of the calculation of the G-pole contribution is presented in Fig.1 by the
dotted line. The sum of the pomeron and G-pole contributions are shown by the solid
lines. It is evident that G-exchange determines the behavior of the cross section at large
−t and our model based only on pomeron and G-pole contributions reproduces the main
features of the CLAS data.
1 Conclusion
The gluonic degrees of freedom play a very important role in the - and -meson photo-
production at JLab energies. At small −t the cross-section is described rather well by the
Donnachie-Landsho soft pomeron model. At large −t an extremely interesting phenom-
ena, related to the complex structure of QCD vacuum, takes place. We have shown that
at large momentum transfers, the point-like interaction induced by the G- pole exchange,
related to ghost pole in the correlator of the anomalous gluonic axial currents, gives the
dominant contribution.
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